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Introduction: The iPlan treatment planning sys-
tem uses a pencil beam algorithm, with density cor-
rections, to predict the doses delivered by very small 
(stereotactic) radiotherapy fields. This study tests the 
accuracy of dose predictions made by iPlan, for 
small-field treatments delivered to a planar solid wa-
ter phantom and to heterogeneous human tissue using 
the BrainLAB m3 micro-multileaf collimator. 
Method and Materials: The dose predictions 
made by iPlan were compared with radiochromic 
film measurements as well as the results of accurate 
Monte Carlo simulations. This study required three 
sets of data: 
1. iPlan dose calculations: Sample treatment 
plans produced using iPlan were exported (including 
patient CT data, calculated dose grids and regions of 
interest) in DICOM format, for comparison with 
Monte Carlo simulations. Additionally, these treat-
ments were mapped onto a CT-scanned Virtual Wa-
ter phantom and recalculated, with gantry angles and 
couch angles set to zero (according to local quality 
assurance practise), and the resulting dose grids were 
also exported. 
2. Film measurements: Sheets of Gafchromic 
EBT2 film were placed within 12cm thick blocks of 
solid water (at 5cm depth) and irradiated using the 
fields evaluated using iPlan (above). The absolute-
dose analysis of the resulting film images required 
the development of a new local protocol for the han-
dling and calibration of EBT2 film (in response to its 
differences in performance from original EBT film). 
3. Monte Carlo simulations: BEAMnrc code 
was used to produce a model of the BrainLAB m3 
micro-multileaf collimator (Kairn et al, 2010), which 
was used, along with the MCDTK package (Crowe et 
al, 2009), to simulate the patient and Virtual Water 
treatments evaluated using iPlan. MCDTK was also 
used in the evaluation of quantitative comparisons 
between the Monte Carlo and iPlan results. 
Results: While there is generally good agreement 
(within 1-2%) between the pencil beam predictions 
made by the iPlan treatment planning system and 
both the Monte Carlo simulations and the film meas-
urements in regions of high dose, differences become 
evident at the edges and outside of the fields. Profiles 
across the fields applied to solid water, obtained us-
ing both the Monte Carlo model and the dosimetry 
film, have narrower penumbrae than iPlan  predicts 
and the film and Monte Carlo images also show no-
ticeable collimator leakage (which is not included in 
iPlan’s calculations).  
    
When used to predict patient doses, important dif-
ferences between iPlan’s pencil beam calculations 
and the results of the Monte Carlo simulations are 
similarly apparent, as is shown by the figures above. 
The figure on the left shows a representation of the 
dose predicted by the pencil beam algorithm, for a 
meningioma (tumour) in the brain, and the figure on 
the right shows a representation of an accurate Monte 
Carlo calculation of the dose delivered during the 
same treatment. The Monte Carlo calculation shows 
that the delivery of this treatment would spare the 
patient’s critical structures (eyes, brainstem) more 
effectively than the treatment plan predicted, and 
therefore suggests that this patient could safely re-
ceive an increased dose to their tumour.  
Conclusion: These results exemplify the possible 
advantage of using Monte Carlo calculations to verify 
crainial treatments in addition to treatments delivered 
to more heterogeneous regions, such as lung. Mea-
surements made using a medium with a high spatal 
resolution, such as dosimetric film, should also be 
used to test and verify the predictions made using 
pencil beam algorithms, such as that used by iPlan. 
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